Introduction
============

Due to significant advances in the multimodal treatment of testicular germ cell tumors (GCTs), including improved disease staging techniques, effective platinum-based combination chemotherapy regimens, aggressive surgical resection of residual disease, and a policy of close surveillance after primary therapy, men with testis cancer have some of the highest survival rates (\>95% 5-year disease-specific survival) of any solid organ malignancy[@b1-oaju-4-001] Additionally, the young age and good health of most testicular cancer patients allow them to better tolerate intense chemotherapeutic and surgical treatments, contributing to their favorable outcomes. Central to the success in treating GCTs is the development and widespread use of sensitive and reliable GCT markers.

Testicular cancer represents approximately 1% of all cancers diagnosed in men, and is the most common solid organ malignancy among men aged 15--35 years.[@b2-oaju-4-001] In 2011, an estimated 8000 incident cases of testicular cancer were diagnosed in the US.[@b3-oaju-4-001] Nearly all testis tumors are GCTs, which are categorized as either seminoma or nonseminoma GCTs (NSGCTs) based on histology. NSCGTs are divided into four subtypes: choriocarcinoma, yolk sac, embryonal, and teratoma. Approximately 60% of GCTs contain more than one of these histologic patterns (ie, mixed GCTs).[@b4-oaju-4-001] The most frequent combination of tumor types is embryonal, yolk sac, and teratoma.[@b4-oaju-4-001] The pure (ie, nonmixed) GCT types include:

-   Seminoma: 30%--60% of GCTs

-   Embryonal: 3%--4% of GCTs (although embryonal is present in up to 40% of mixed NSGCTs)

-   Teratoma: 5%--10% of GCTs

-   Choriocarcinoma: 1% of GCTs.

Testicular GCTs are unique in that tumor markers are readily available to guide clinicians in disease management. Despite the extensive evidence regarding the importance of tumor markers in testicular cancer care, there are data indicating that they are underutilized.[@b5-oaju-4-001] This has obvious quality of care implications, as testicular tumor marker levels are important in assigning the appropriate disease stage after orchiectomy, determining patient prognosis, deciding appropriate treatment, monitoring disease response to therapy, and for the early identification of recurrence during post-therapy surveillance. In the following review, we will discuss the role of the commonly available GCT markers in the management of patients with testicular cancer (ie, alpha fetoprotein \[AFP\], human chorionic gonadotropin \[hCG\], and lactate dehydrogenase \[LDH\]). Furthermore, we will highlight recent innovations in the development and implementation of novel testicular tumor markers.

Common testicular cancer tumor markers
======================================

Alpha fetoprotein
-----------------

AFP is a 70 kilodalton single-chain glycoprotein, which in the fetus is synthesized in the yolk sac, liver, and intestine and serves as a major serum binding protein. Peak levels are noted during week 12 to 14 of gestation and then steadily decline so that 1 year after birth, AFP levels should be \<15 ng/mL. With regard to GCTs, AFP is primarily produced by yolk sac (endodermal sinus) components and to a lesser extent by embryonal carcinomas and teratomas. AFP can be found in up to 20%--25% of teratomas and is associated with mucinous glands and hepatoid differentiation.[@b4-oaju-4-001] In one large cohort of nearly 1500 patients with testicular cancer, over 60% of patients with NSGCTs had elevated AFP levels, making it the most commonly elevated tumor marker in testicular cancer.[@b6-oaju-4-001]

Pure choriocarcinoma and pure seminoma do not produce AFP; if AFP is elevated in conjunction with pure forms of these tumors, the specimen should be re-examined for AFP-producing tumor types.[@b7-oaju-4-001] In the case of seminoma, any nonseminomatous elements present dramatically alter the appropriate treatment regimen. If nonseminomatous components cannot be identified histopathologically and these patients have elevated AFP, they should be treated as if they have a NSGCT. The serum half-life of AFP is 5--7 days. GCT levels should normalize after four half-lives, and therefore serum AFP levels should return to normal levels 20--28 days after effective therapy.

Human chorionic gonadotropin
----------------------------

GCTs produce an intact hCG molecule (a 38 kilodalton protein composed of α and β subunits normally secreted by placental syncytiotrophoblasts) and/or the β subunit of this protein alone. The α subunit closely resembles that of pituitary hormones, including luteinizing hormone (LH), follicle-stimulating hormone, and thyroid-stimulating hormone. As a result, only the β subunit is measured by the most commonly available serum assays. The β subunit is a 70% homolog with LH but has a unique c-terminal extension that allows for differential identification by radioimmunoassay techniques.

The serum half-life of hCG is approximately 24--36 hours. Normalization of hCG levels after orchiectomy (expected 4--6 days after surgery) for patients with stage I disease indicates likely elimination of the tumor, but persistently elevated levels should raise concern for residual disease. The extent of its elevation depends on histologic tumor subtype and the overall disease burden. With regard to NSGCTs, hCG can be markedly elevated with pure choriocarcinomas but is often only moderately elevated in conjunction with embryonal cell carcinoma and mixed GCTs. Elevations of hCG can also be seen in approximately 10%--20% of patients with stage I seminoma and up to 30%--50% of disseminated seminoma secondary to the presence of syncytiotrophoblastic elements within the tumor, but at serum levels rarely above 500 mIU/mL.[@b7-oaju-4-001],[@b8-oaju-4-001]

Lactate dehydrogenase
---------------------

LDH is a 134 kilodalton cellular enzyme produced by muscle (smooth, cardiac, and skeletal), liver, kidney, and brain that catalyzes the interconversion of lactate and pyruvate. LDH has relatively low specificity for GCTs. There are five unique isoforms of LDH, with LDH-1 being the most frequently elevated isoenzyme in testicular cancers. Assays for LDH measure enzymatic activity and not the actual enzyme quantity; therefore, there can be considerable variations in LDH levels dependent on the assay used by a particular laboratory. As a result, elevations of LDH must be taken in the context of other tumor markers and staging studies. LDH is elevated in 40%--60% of men with testicular GCTs.[@b9-oaju-4-001] LDH has limited sensitivity and specificity for seminoma, but LDH levels \>2000 U/L are more consistent with bulky disease, and rising levels are an accurate indicator of recurrence.[@b10-oaju-4-001] In NSCGTs, LDH is directly related to tumor burden.[@b11-oaju-4-001] An elevated serum LDH level may be the sole biochemical abnormality in 10% of patients with persistent or recurrent NSGCT.[@b12-oaju-4-001]

Tumor markers in testicular cancer diagnosis and staging
========================================================

Patients with testicular cancer most frequently present with a painless testicular mass. The initial work-up includes a history and physical exam, cross-sectional imaging of the retroperitoneum, chest x-ray, and serum levels of AFP, hCG, and LDH. [Table 1](#t1-oaju-4-001){ref-type="table"} reviews some of the important characteristics of these common testicular tumor markers. Testicular ultrasound is often useful to confirm the diagnosis of an intratesticular mass and eliminate concern for other scrotal pathology. The diagnosis of testicular cancer cannot be made based on elevated tumor markers alone, as these markers lack sufficient sensitivity and specificity. Diagnosis instead relies on the histopathologic examination of the orchiectomy specimen. There are, however, unique clinical scenarios in which patients present with markedly elevated tumor marker levels and symptomatic metastases (eg, extensive lung metastases with resultant dyspnea or bulky retroperitoneal lymphadenopathy with severe pain or edema), and biopsy for tissue diagnosis may not be advisable. In these situations, chemotherapy is often administered prior to orchiectomy based on tumor markers alone so therapy is not delayed as patients recover from surgery. Testicular tumor markers may be the only clue to the tissue of origin if a biopsy of a metastatic site reveals only poorly differentiated carcinoma. These markers are also useful to indicate discrepancies in the pathologic diagnosis of GCTs at the time of orchiectomy, particularly in cases in which elements from the primary tumor have regressed or compose a small fraction of the specimen, limiting identification on histopathologic evaluation.

Serum levels of AFP, hCG, and LDH should be obtained before orchiectomy and repeated weekly thereafter until marker levels normalize. Postorchiectomy tumor marker levels are used for risk stratification and are incorporated into the American Joint Committee on Cancer TNM Staging System for Testis Cancer ([Table 2](#t2-oaju-4-001){ref-type="table"}). Men with NSGCTs with persistently elevated hCG or AFP following orchiectomy are presumed to have metastatic disease even without identifiable mass on imaging.

Testicular tumor markers and disease prognosis
==============================================

The degree of AFP or hCG elevation is directly proportional to tumor burden, and higher serum levels of these tumor markers have been recognized as poor prognostic indicators.[@b13-oaju-4-001] Therefore, the degree of marker elevation in patients with NSGCTs has been incorporated with staging criteria to stratify patients into good, intermediate, and poor risk groups according to the International Germ Cell Consensus Classification ([Table 3](#t3-oaju-4-001){ref-type="table"}). This stratification predicts prognosis and is used to assign an appropriate chemotherapy course. Bosl et al[@b14-oaju-4-001] identified elevations of hCG and LDH and the number of metastatic sites as the most significant predictors of survival in patients with GCTs.

Serial measurements of serum tumor markers are used to monitor response to GCT treatment. An appropriate fall in tumor marker levels at a rate consistent with marker half-life indicates adequate disease response. Following radical orchiectomy, failure to normalize serum tumor marker levels suggests metastasis and the need for chemotherapy.

Monitoring these levels in conjunction with radiation or chemotherapy is more complicated, as there is often a more significant time lag between treatment and serum tumor marker normalization. This is secondary to the prolonged and gradual tumor cell death associated with these treatment modalities. Serum tumor markers are typically obtained prior to the initiation of chemotherapy, with subsequent levels obtained on Day 1 of each chemotherapy cycle to monitor the response to therapy. The rate of tumor marker decline during chemotherapy has been proposed as a prognostic indicator in patients with testicular cancer. Those patients whose tumor markers are either slow to decline or do not normalize may have persistently active disease. A retrospective study from the Memorial Sloan Kettering Cancer Center (New York, NY) evaluated 198 patients with GCT treated with chemotherapy. Patients experienced a longer median overall survival when they experienced an appropriate reduction in tumor marker levels (defined by an AFP half-life of less than 7 days and an hCG half-life of less than 3 days). In addition, these patients also had higher rates of complete response than those who did not have expected tumor marker reductions (89% versus 29%).[@b15-oaju-4-001] Recent trials have used prolonged tumor marker decline as an indication for salvage chemotherapy. This innovation resulted in significantly improved overall, disease-specific, and progression-free survival (PFS) among intermediate-risk patients with NSGCTs in one study.[@b16-oaju-4-001] A slower than predicted marker decline during treatment is associated with a higher risk of ultimate treatment failure. In such a situation, there is no need to change chemotherapy or give additional cycles of chemotherapy, but close follow-up is important.[@b9-oaju-4-001]

Following an initial course of systemic chemotherapy, the presence or absence of elevated tumor markers in addition to three-dimensional cross-sectional imaging of any known metastatic sites is used to determine whether salvage chemotherapy, surgical intervention with retroperitoneal lymph node dissection and resection of any other metastatic deposits, or observation is indicated. Prior to surgical intervention, though, tumor markers should have normalized or additional chemotherapy or an alternative chemotherapy regimen should be initiated until markers return to normal levels. Exceptions to this are situations in which patients have a growing mass, most commonly teratoma (ie, growing teratoma syndrome), on serial cross-sectional imaging despite chemotherapy, which places patients at considerable risk for added morbidity with further growth. For patients with NSGCTs, it is crucial to resect all residual masses once marker levels have normalized. Historically, surgical resection has been recommended for seminoma patients with bulky disease who undergo chemotherapy and have a residual mass larger than 4 cm in size. Currently, positron emission tomography scanning is frequently used to evaluate for active disease in these residual masses to determine whether resection is warranted.[@b17-oaju-4-001]

Testicular cancer surveillance
==============================

The existence of reliable testicular tumor markers has had a significant impact on testicular cancer surveillance after primary therapy and aids in the early detection of disease recurrence. These markers used in conjunction with periodic imaging are the mainstay of GCT surveillance. The frequency of tumor marker evaluation varies according to the tumor histology, stage, and previous therapy. In a study by Rathmell et al,[@b18-oaju-4-001] elevated AFP and/or hCG was the initial indicator of disease recurrence in 55% of patients with either NSCGT or seminoma.

hCG, AFP, and LDH should be measured at each surveillance visit in patients with a history of either NSGCT or seminoma, regardless of previous specific tumor marker elevations on initial diagnosis. The pattern of tumor marker elevation at diagnosis does not consistently predict the pattern at recurrence. In a study by Trigo et al,[@b19-oaju-4-001] the records of 794 men treated for testicular cancer were reviewed retrospectively. They found that a tumor marker that was elevated at initial presentation was elevated at the time of first recurrence in 73% of patients. Those patients who initially presented with negative tumor markers were found to have elevation of at least one marker at the time of initial recurrence 41% of the time. The identical marker elevation pattern at diagnosis was present at the first recurrence in 78% of seminomas and 64% of NSGCTs. At the time of recurrence, elevations of AFP and/or hCG were found in 18 of 44 (41%) patients with NSGCTs who initially had negative tumor markers. In patients with what was thought to be pure seminoma at the time of diagnosis with negative markers, AFP was elevated at the time of recurrence in four of 24 (17%) patients and hCG in another four of 24 (17%) patients. This group also found that tumor marker elevations tended to be the earliest indicator of disease recurrence in men with NSGCTs (40%), whereas initial recurrence was most likely found on imaging (42%) for men with a history of seminoma.[@b19-oaju-4-001]

Among patients who experience disease recurrence, the peak levels of serum hCG and AFP at the time of relapse represent one of the three predictors of overall survival (in addition to the length of recurrence-free interval and complete response to initial therapy). Those patients with the highest marker levels at the time of relapse (ie, AFP \> 100 kU/l and/or hCG \> 100 IU/l) had the poorest outcomes.[@b20-oaju-4-001] Furthermore, Mego et al[@b21-oaju-4-001] found that the time to normalization of AFP and/or hCG after salvage chemotherapy is an independent predictor of overall and disease-specific survival. They stratified their cohort of patients into four groups: (1) normal markers at baseline and after one cycle of chemotherapy, (2) elevated markers at baseline and normal markers after one cycle, (3) elevated markers at baseline and after one cycle of chemotherapy but with expected time to normalization, and (4) elevated markers at baseline and after one cycle of chemotherapy with a slower than expected rate of decline. The authors categorized patients into two groups: (1)--(3) as having a favorable response and (4) as unfavorable. A variety of salvage regimens were used, with the majority receiving etoposide/ifosfamide/cisplatin (24%) or paclitaxel/ifosfamide/cisplatin (41%). Among this cohort, 50% and 55% of patients had an unfavorable decline of hCG and AFP, respectively, after one cycle (3 weeks) of chemotherapy. Overall, 34% of patients achieved a durable response (measured as a 5-year PFS) to salvage chemotherapy. When stratified by tumor marker decline, patients with favorable kinetics had a 58% 5-year PFS, compared with a 7% 5-year PFS among patients with unfavorable kinetics (*P \<* 0.001).[@b21-oaju-4-001] This suggests that the rate of marker decline may be useful in predicting a patient's response to salvage chemotherapy.

Approximately 10%--30% of patients with GCT will have a recurrence after initial treatment. Most patients who relapse do so within the first 2 years after primary therapy.[@b22-oaju-4-001] However, approximately 3% of patients will experience a late relapse (LR), defined as a disease recurrence more than 2 years after a complete response (CR), with no evidence of a second primary neoplasm.[@b23-oaju-4-001] Recurrences have been reported more than 30 years after an initial CR.[@b22-oaju-4-001] Shahidi et al[@b24-oaju-4-001] reviewed cases of 1263 men with testicular GCTs. Of those men, 255 (20%) had documented recurrences and 53 (4%) (15 seminoma; 38 NSGCT) had recurrence more than 2 years after initial presentation. Very late recurrence (\>5 years) occurred mainly in patients with a history of meta-static NSGCT, with a 1% annual risk of recurrence between 5 years and 10 years after primary treatment. A multivariable analysis of the risk of LR in patients with either NSGCT or seminoma identified elevated markers at presentation and the presence of differentiated teratomas in postchemotherapy surgical specimens as significant predictors of recurrence. Elevated markers identified 53% of the recurrences after 5 years. In this series, only elevated AFP levels at time of late recurrence were observed.[@b24-oaju-4-001] With these findings in mind, it is recommended that surveillance should continue for at least 10 years after primary therapy for GCTs.

In a study of 91 men with histologically documented LRs of testicular GCT, teratoma was the most common tumor type identified (60%), but this was frequently associated with other tumor types. Yolk sac tumor was the second most common tumor type identified (46%). Only small numbers of LRs consisted of other tumor types, including non-GCTs, seminoma, embryonal, and choriocarcinoma.[@b23-oaju-4-001] Those patients whose LR consisted of teratoma only had the most favorable outcomes, with 79% having no evidence of disease (NED) at last follow-up, in contrast to those patients with LRs consisting of nongerm cell malignant tumors or pure GCTs, with only 36% and 37% alive with NED, respectively.[@b23-oaju-4-001] Historically, patients with LRs tend to have a poor prognosis, with long-term disease-free survival rates of 26% and 36% reported.[@b22-oaju-4-001],[@b25-oaju-4-001]

Current tumor marker limitations
================================

Although crucial in the management of men with testicular cancer, current serum tumor markers do lack sensitivity and specificity. There are numerous other conditions that can result in elevations in these markers ([Table 4](#t4-oaju-4-001){ref-type="table"}). Hypogonadism causes a compensatory increase in the pituitary production of hCG and LH, both of which interact with immunoassays and cause false-positive results. Although marijuana use has been linked to elevations of hCG, this has not been borne out in larger GCT series.[@b26-oaju-4-001] False-positive elevations of hCG have been linked with heterophile antibodies as well.[@b27-oaju-4-001] In addition, hereditary elevations of serum AFP have been described, with affected men having mildly elevated AFP levels in the range of 15--30 ng/mL at baseline.[@b8-oaju-4-001],[@b28-oaju-4-001] This condition should be considered only after other common causes of elevated AFP (ie, GCTs, hepatocellular carcinoma) have been excluded. Conversely, a lack of elevated tumor markers during post-therapy surveillance or tumor marker normalization after primary therapy does not ensure that a patient is disease free. Among NSGCT patients who undergo systemic chemotherapy followed by retroperitoneal lymph node dissection, a significant proportion harbor viable tumor and/or teratoma on final pathology despite normalization of preoperative tumor marker levels. In one study of 78 patients with NSGCT treated with chemotherapy followed by surgical resection of residual masses, 28% were found to have mature teratoma and 6% had immature teratoma on pathology.[@b29-oaju-4-001]

Other germ cell tumor markers
=============================

Given the limitations of the available tumor markers for testicular cancer, research has been targeted on identifying superior markers. The ideal GCT marker would have high sensitivity and specificity. Its serum levels would correlate with disease burden, respond to therapy in a reliable manner, and be elevated in seminoma and NSGCT alike or would exhibit exquisite specificity for either seminoma or NSGCT. Being able to more completely differentiate between these two tumor types would have significant treatment implications. Several potential alternative GCT markers have been identified, but as of yet none of these have supplanted AFP, hCG, or LDH.

Placental alkaline phosphatase
------------------------------

Placental-like alkaline phosphatase (PLAP) is a membrane-bound protein phosphotyrosine phosphatase normally expressed in fetal germ cells and infants. It was originally demonstrated in seminoma tissue by Wahren et al.[@b30-oaju-4-001] In one small series it was shown to be specific for seminoma and also decreased in response to therapy.[@b31-oaju-4-001] However, PLAP has a low sensitivity for GCT, and serum levels are frequently elevated in smokers in the absence of testicular cancers, limiting its usefulness as a GCT marker.[@b32-oaju-4-001]

Neuron-specific enolase
-----------------------

Neuron-specific enolase (NSE) has been used previously as a marker for neuroendocrine tumors.[@b33-oaju-4-001] NSE is present in seminoma cells and has been proposed as a potential novel marker for this disease.[@b34-oaju-4-001]--[@b36-oaju-4-001] Interestingly, NSE is less commonly elevated among patients with stage I seminoma, so it may be most useful in metastatic disease. For instance, using an upper cut-off of 8 ng/mL, one small case-control study showed that only one-third of patients with stage I seminoma had elevated NSE.[@b37-oaju-4-001] Using a cut-off of 13 ng/mL, another series found that 15% (eight of 53) of stage I seminoma patients had elevated NSE. Furthermore, three of these eight (38%) stage I patients had persistent NSE elevations after orchiectomy.[@b38-oaju-4-001] Another small case series showed that among seven patients with elevated pretreatment NSE, chemotherapy resulted in normalization of NSE serum levels.[@b34-oaju-4-001] More importantly, NSE is at times elevated in seminoma patients with normal hCG and LDH levels, making it an intriguing alternative tumor marker to aid in the diagnosis and surveillance of seminoma.[@b37-oaju-4-001] Unfortunately, NSE is not specific for seminoma; patients with NSGCTs have been shown to have elevated NSE. One series showed that 21% of patients with localized NSGCT and 50% of patients with metastatic NSGCTs had elevated NSE.[@b38-oaju-4-001] These preliminary findings require further investigation before the utility of NSE as a testis tumor marker can be confirmed. Currently, NSE is used only experimentally and has not yet gained traction as a marker for GCTs.

TRA-1-60
--------

TRA-1-60 is a cell surface antigen expressed by embryonal carcinoma and carcinoma in situ of the testis.[@b39-oaju-4-001] Elevated serum levels of this marker have been noted in patients with disseminated NSGCTs.[@b40-oaju-4-001] Using a two-step immuno-assay with a monoclonal antibody specific for TRA-1-60, Marrink et al[@b40-oaju-4-001] found that 32 of 42 (76%) NSGCT patients had elevated serum TRA-1-60 levels. Furthermore, in this series there were no patients with seminoma who had elevated TRA-1-60 levels. Among patients with disseminated disease, chemotherapy significantly lowered serum TRA-1-60 levels, but these levels remained elevated in 15%--30% of patients without evidence of persistent disease.[@b41-oaju-4-001] Others have reported elevated TRA-1-60 levels in patients with disseminated seminoma.[@b41-oaju-4-001] The findings merit further investigation, but TRA-1-60's lack of specificity likely limits its usefulness as a marker for testicular cancer.

Lectin reactive AFP (AFP-L3 and AFP-L2+L3)
------------------------------------------

Elevated AFP levels have been associated with both benign and malignant liver disease. There are many subtypes of AFP; lectin-reactive AFP (eg, AFP-L3) is AFP bound to a sugar group that binds a specific lectin.[@b42-oaju-4-001] Lectins are proteins with a particular affinity for specific sugar moieties.[@b43-oaju-4-001] AFP-L3 was found to have excellent sensitivity and specificity for patients with hepatic malignancies. Specifically, patients with elevated AFP in the setting of malignant disease have a higher proportion of AFP-L3 in the serum.[@b44-oaju-4-001] Kamoto et al[@b45-oaju-4-001] evaluated lectin-reactive AFP in men with NSGCTs. Among 25 men with NSGCTs and elevated AFP, the proportion of AFP-L3 exceeded 50% in 24 cases, suggesting that the proportion of AFP-L3 may be useful in discriminating between benign conditions versus NSGCTs. A more recent study showed that patients with NSGCTs had significantly elevated levels of AFP-L2+L3.[@b46-oaju-4-001] Interestingly, two patients in this series had persistently elevated AFP-L2+L3 levels in the setting of normal AFP after treatment. Both subsequently went on to recur, heralded by elevated AFP levels, suggesting that this marker may be useful to identify patients who fail primary therapy earlier in their treatment course.[@b46-oaju-4-001] Further investigations are needed to confirm the usefulness of AFP-L3 and AFP-L2+L3 in patients with NSGCTs.

Cell-free circulating DNA
-------------------------

A more promising novel GCT marker is cell-free circulating DNA. Cell-free circulating DNA is present in the serum, not contained within cells or their nuclei. Cell-free circulating DNA has been identified in a variety of malignancies, including prostate, bladder, and lung cancers.[@b46-oaju-4-001]--[@b49-oaju-4-001] One study evaluated cell-free DNA in 74 patients with GCTs and found that levels were significantly elevated in GCT patients compared with controls. In addition, patients with advanced disease (ie, stage III) had significantly greater titers of cell-free DNA compared with those with stage I or II disease. Elevated levels were found in patients with seminoma and NSGCTs. Using a threshold of 2.56 ng/mL, cell-free DNA had an 88% sensitivity and 97% specificity for men with GCTs.[@b47-oaju-4-001] Despite these promising findings, lack of standardization of the test, limited availability of the assay, and the small sample size tested preclude any broad application of cell-free circulating DNA in testis cancer at this time.

Conclusion
==========

Testicular tumor markers (hCG, AFP, and LDH) are instrumental in the diagnosis, staging, and surveillance of seminomas and NSGCTs. The degree of elevations of tumor markers correlates to disease burden and provides important prognostic information. The rate of decline of these markers and whether or not they normalize following treatment predict the ultimate response to therapy. Tumor markers should be monitored as a component of the standard surveillance protocol following treatment of testicular cancer regardless of the presence of initial marker elevation or tumor histopathology. Current tumor markers cannot replace a tissue diagnosis in treating GCTs, however, as they lack sensitivity and specificity; AFP, hCG, and LDH can be elevated in benign conditions. There are a number of novel and potentially clinically useful alternative GCT markers. These include NSE, TRA-1-60, PLAP, lectin-reactive AFP, and cell-free circulating DNA. These markers are still investigational and require further research to establish their role in testicular cancer.
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###### 

Tumor marker characteristics

  Tumor marker   Size (daltons)   Half-life      Normal range      Tumor type
  -------------- ---------------- -------------- ----------------- ---------------------------------------
  AFP            70,000           5--7 days      \<40 ug/I         Embryonal, teratoma, yolk sac
  hCG            38,000           24--36 hours   \<5 IU/I          Seminoma, choriocarcinoma, embryonal,
  LDH            134,000          Varies         1.5--3.2 ukat/I   Any

**Abbreviations:** AFP, alpha fetoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.

###### 

American Joint Committee on Cancer S Stage parameters

  Stage   AFP (ug/I)     hCG (IU/I)     LDH
  ------- -------------- -------------- ------------------
  S0      wnl            Wnl            wnl
  S1      \<1000         \<5000         \<1.5 × normal
  S2      1000--10,000   5000--50,000   1.5--10 × normal
  S3      \>10,000       \>50,000       \>10 × normal

**Abbreviations:** AFP, alpha fetoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase; wnl, within normal limits.

###### 

Testicular cancer risk stratification

  Risk status                                             Nonseminoma
  ------------------------------------------------------- ---------------------------------------------------------------------------------
  Good risk                                               Postorchiectomy markers -- all: AFP \< 1000, hCG \< 5000, LDH \< 1.5 × normal
  And                                                     
  No nonpulmonary visceral metastases                     
  And                                                     
  Testicular or retroperitoneal primary tumor             
  Intermediate risk                                       Postorchiectomy markers -- any: AFP
  1000--10,000, bhCG 5000--50,000, LDH 1.5--10 × normal   
  And                                                     
  No nonpulmonary visceral metastases                     
  And                                                     
  Testicular or retroperitoneal primary tumor             
  Poor risk                                               Postorchiectomy markers -- any: AFP \>10,000, hCG \> 50,000, LDH \> 10 × normal
  Or                                                      
  Nonpulmonary visceral metastases                        
  Or                                                      
  Mediastinal primary tumor                               

**Abbreviations:** AFP, alpha fetoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.

###### 

Other conditions with elevations in tumor markers

  AFP                                       hCG                                                      LDH
  ----------------------------------------- -------------------------------------------------------- -------------------------
  Hepatocellular carcinoma                  Hydatidiform mole                                        Skeletal muscle disease
  Viral hepatitis                           Hypogonadism                                             Pulmonary embolism
  Hereditary tyrosinemia                    Breast cancer                                            Myocardial infarction
  Ataxia-teleangiectasia                    Marijuana use                                            Thalassemia
  Cirrhosis                                 Gonadotroph adenomas                                     Leukemia
  Gastric, biliary, and pancreatic cancer   Bladder, liver, pancreas, stomach, lung, kidney cancer   Pernicious anemia
  Bronchial cancer                          Heterophile antibodies                                   Hemolysis
  Antiepileptics and anesthetics                                                                     
  Hereditary persistence of AFP                                                                      

**Abbreviations:** AFP, alpha fetoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.
